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5 Binding P yptirf^l anrf Their Uses 

CROSS REFERENCE TO RELATED APPUCATION 
This application is a continuation-in-part of application U.S. Serial No. 
08/344,824» filed November 23, 1994, which is a continuation-in-part of application U.S. 
10 Serial No. 08/278,634 filed July 21, 1994, both of which arc incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and methods for preventing, 

15 treating or diagnosing a number of pathological states such as viral diseases and cancers. 

In particular, it provides novel peptides capable of binding selected major 
histocompatibility complex (MHQ molecules and inducing an immune response. 

MHC molecules are classified as either Class I or Class n molecules. 
Class n MHC molecules are expressed primarily on cells involved in initiating and 

20 sustainingimmuneresponscs, such as T lymphocytes, B lymphocytes, macrophages, etc. 

Class n MHC molecules are recognized by helper T lymphocytes and induce 
proliferation of helper T lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC molecules are expressed 
on almost all nucleated cells and arc recognized by cytotoxic T lymphocytes (CTLs), 

25 which then destroy the antigen-bearing cells. GTLs arc particularly important in tumor 

rejection and in fighting viral infections. The CTL recognizes the antigen in the 

form of a peptide fragment bound to the MHC class I molecules rather than the intact 
foreign antigen itself. The antigen must normally be cndogcnously synthesized by the 
cell, and a portion of the protein antigen is degraded into smaU peptide fragments in the 

30 cytoplasm. Some of these small peptides translocate into a pre-Golgi compartment and 

interact with class I heavy chains to facilitate proper folding and association with the 
subunit )32 microglobulin. The peptide-MHC class I complex is then routed to the ceQ 
surfecc for expression and potential recognition by specific CTLs. 
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The MHC class I antigens arc encoded by the HLA-A, B, and C lod. 

HLA-A and HLA-B antigens are expressed at the ceU surface at approximately equal 

densities, whereas the expression of HLA-C is significantly lower (perhaps as much as 

10-fold lower). Each of these lod have a number of alleles. 
5 Specific motifs for several of the major HLA-A alleles (copending U.S. 

Patent AppHcations 08/159,339 and 08/205,713, referred to here as the copending 

appHcations) and HLA-B aUeles have been described. Several authon (Melief, £«r. /. 

ImmmoL, 21:2963-2970 (1991); Bevan, et aL, Namre 353:852-955 (1991)) have 

provided preliminary evidence that class I binding motifs can be applied to the 
10 identification of potential immunogenic peptides in animal models. Strategies for 

identification of peptides or peptide regions capable of interacting with multiple MHC 

alleles has been described in the literamre. 

Because human population groups, including racial and ethnic groups, 

have distinct patterns of distribution of HLA alleles it will be of value to identify motifs 
15 that describe peptides capable of binding more than one HLA allele, so as to achieve 

sufficient coverage of all population groups. The present invention addresses these and 

other needs. 

SUMMARY OF THE INVENTION 
The present invention provides compositions comprising immunogenic 
"20 p<^des having binding motifs for HLA alleles. The immunogenic peptides arc about 9 

to 10 residues in IcngUi and comprise conserved residues at certain positions such as a 
proline at position 2 and an aromatic residue (e.g., Y, W, F) or hydrophobic residue 
(eg., L,I,V.M, or A) at the carboxy terminus. In particular, an advantage of the 
peptides of the invention is their ability to bind to two or more different HLA alleles. 
25 The present invention defines positions within a motif enabling the 

selection of peptides that will bind efficicntiy to more tiian one HLA-A, HLA-B or HLA- 
C alleles. Epitopes possessing the motif of the immunogenic peptides have been 
identified on potential target antigens including hepatitis B core and surface antigens 
(HBVc, HBVs), hepatitis C antigens, :^stcin-Bair virus antigens, and human 
30 immunodeficiency type-1 virus (HIVI). Thus, tiie invention further provides 
immunogenic peptides comprising sequences of target antigens. 

The peptides of the invention arc useful in pharmaceutical compositions for 
both in viva and ex vivo therapeutic and diagnostic applications. 
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Definitions 

The tcnn "peptide" is used interchangeably with "oligopeptide" in the 
present specification to designate a series of residues^ typically L-amino acids, connected 
one to the other typically by peptide bonds between the alpha-amino and caibonyl groups 
5 of adjacent amino adds. The oligopeptides of the invention are less than about 15 

residues in length and usuaDy consist of between about 8 and about 11 residues, 
preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which comprises an alldc-spcdfic 
motif such that the peptide will bind an MHC molecule and induce a CTL response^ 
10 Immunogenic pepddes of the invention are capable of binding to an appropriate HLA 

molecule and inducing a cytotoxic T ceU response against the andgen from which the 

immunogenic peptide is derived. 

A "conserved residue" is a conserved amino acid occupying a particular 

position in a peptide motif typicaUy one where the MHC structure may provide a contact 
15 point with the immunogenic peptide. One to three, typicafly two, conserved residues 

within a peptide of defined length defines a motif for an immunogenic peptide. TTicsc 

residues arc typically in close contact with the peptide binding groove, with their side 

diains buried in specific pockets of the groove itself. 

The term "motiP refers to the pattern of residues in a peptide of defined 
20 length, usuaUy about 8 to about 1 1 amino acids, which is recognized by a particular 

MHC allele. The peptide motifs are Qrpically different for each human MHC allele. 
The term "supermotiT refers to motifs that, when present in an 

immunogenic peptide, aUow the peptide to bind more than one HLA antigen. The 

supermotif preferably is recognized by at least one HLA allele having a wide distribution 
25 in the human population, preferably recognized by at least two aUeles, more preferably 

recognized by at least three alleles, and most preferably recognized by more than three 

alleles. 

The phrases "isolated" or "biologically pure" refer to material which is 
substantially or essentially free from components which normally accompany it as found 
30 in its native state. Thus, the peptides of this invention do not contain materials normally 

associated widj their in iim environment, e,g., MHC I molecules on antig^ 
cdls. Even where a protein has been isolated to a homogenous or dominant band, there 
are trace contaminants in the range of 5-10% of native protein which co-purify with the 
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desired protcifl. Isolated peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue* refers to an amino acid or antino add mimetic 
incorporated in an oligopeptide by an amide bond or amide bond mimetic. 

5 

BRIEF DESCRIFnON OF THE DRAWINGS 

Rgurc 1 shows binding motifs for peptides capable of binding HLA alleles 
sharing the B7-lib5 specificity. 
10 Figure 2 shows the B7-like cross-reactive motif. 



DESCRIFnON OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination ©f allele*q>ecific pepddic 

15 motifs for human Class I MHC (sometimes referred to as HLA) allele subtypes. In 

particular, the invention provides motifs that arc common to peptides bound by more 
than one HLA allele. By a combination of motif identification arid MHC-peptide 
interaction studies, peptides useful for peptide vaccines have been identified. 

Following the methods described in the copending applications noted 

20 above, certain peptides capable of binding at multiple HLA alleles which possess a 

common motif have been identified. The motifs of those peptides can be characterized 
as foUows: N-XPXXXXXX(A VILM)-C; N-XPXXXXXXX(AVILM)-C; N- 
XPXXXXXX(FWY)-C; and N-XPXXXXXXX(FWY)-C Motifs that are capable of 
binding at multiple alleles are referred to here as "supcrmolifs.'' The particular 

25 supermotifs above arc specifically called "B7-like-supermotifs." 

Immunogenic peptides of the invention are typically identified using a 
computer to scan the amino acid sequence of a desired antigen for the presence of the 
st5)ermotifs. Examples of antigens include viral antigens and antigens associated with 
cancer. An antigen associated with cancer is an antigen, such as a melanoma antigen, 

30 that is characteristic of ^.e.. expressed by) cells in a malignant tumor but not normally 
expressed by healthy cells. Examples of suitable antigens particularly include hepatitis B 
core and surface andgens (HBVc, HBVs) hepatitis C antigens, ^stdn-Barr virus 
antigens, and human immunodeficiency virus (HIV) antigens, and also include prostate 
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specific antigen (PSA), melanoma antigens (e.g., MAGE-1). and human papiUoma virus 
(HPV) antigens; this list is not intended to exclude otiier sources of antigens. 

Peptides comprising the superrootif sequences, including those found in 
proteins from potential antigenic sources are syntiiesized and then tested for their ability 
5 to bind to the appropriate MHC molecules in a variety of assays. TTjc assays may use, 
for example, purified class I molecules and radioiodonated peptides. Alternatively, 
binding to cells expressing empty class I molecules can be detected by, for instance, 
immunofluorescent staining and flow microfluorimctry. .TTiose peptides that bind to the 
dass I molecule may be further evaluated for their ability to serve as targets for CTLs 
10 derived fh)m infected or immunized individuals, as weU as for their caparity to ind^ 

primary in vino or in vivo CTL responses that can give rise to CTL populations cqable 
of reacting with virally infected target ceUs or tumor cells as therapeutic agents. 

Recent evidence suggests however, that high affinity MHC binders might 
be, in most instances, immunogenic, suggesting that peptide epitopes might be selected 

15 on the baas of MHC binding alone. 

Peptides comprising the supermotif sequences can be identified, as noted 
above, by screening potential antigenic sources. Useful peptides can also be identified 
by synthesizing peptides with systematic or random substitution of the variable residues 
in the supermotif, and testing them according to the assays provided. As demonstrated 

20 bdow, it is usefiil to refer to the sequences of the target HLA molecule, as weU. 

The nomenclature used to describe peptide compounds follows the 
conventional practice wherein the amino group is presented to the left (the N-terminus) 
and the carboxyl group to the right (the C-lerminu$) of each amino acid residue. In the 
formulae representing selected, specific embodiments of the present invention, the amino- 

25 and carboxyl-terminal groups, although not specifically shown, are in the form they 

would assume at physiologic Ph values, unless otherwise specified. In the amino add 
structure formulae, each residue is geiieraUy represented by standard three letter or single 
letter designations. TTie L-forro of an amino acid residue is represented by a c?>ital 
single letter or a capital first letter of a three-letter symbol, and the D-form for those 

30 amino adds having D-form$ is represented by a lower case single letter or a lower case 
three letter symbol. Glycine has no asymmetric carbon atom and is simply referred to as 
•Gly" or G. The letter X in a motif represents any of the 20 amino adds found in Table 
1, as wdl noh-naturally occurring amino adds or amino add mimetics. Brackets 
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surrounding more than one amino acid indicates that the motif includes any one of the 
amino adds. For example, the supermotif "N-XPXXXXXX(AVILM)-C* includes each 
of the foUowing peptides: N-XPXXXXXXA-C, N-XPXXXXXXV-C, N-XPXXXXXXI- 
C, N-XPXXXXXXL-C, and N-XPXXXXXXM-C. 
5 For pcptide-based vaccines, the peptides of the present invention 

preferably comprise a motif (Table 2) shows the distribution of certain HLA alleles in 
human populations. 
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TABLE 1 



Original Rgsidvg 



Exemplary Substitution 



10 



15 



20 



25 



30 



35 



40 



A 1. 

Ala 


scr 


Arg 


lys 


Asn 


gin 


Asp 


glu • 


Cys 


scr 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


arg; lys 


Dc 


leu; val; met 


Leu 


ilc; val; met 


Lys 


arg 


Met 


leu; ile; val 


Phe 


tyr; trp 


Scr 


thr 


Thr 


scr 


Tip 


tyr; phe 


Tyr 


trp; phe 


Val 


ile; leu; met 
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For assays of pqjddc-HlA inicractions (e g., quantitative binding assays) 
cells with defined MHC molecules are useful. A large number of cells with defined 
MHC molecules, particularly MHC Class I molecules, are known and readDy available. 
For example, human EBV-transformed B cell lines have been shown to be excellent 
5 sources for the preparadvc isolation of class I and class II MHC molecules. 

WcU-characterized cell lines are available from private and commercial sources, su^h as 
American Type Culture Collection (^Catalogue of Cell lines and Hybridomas,* 6th 
edition (1988) Rockville, Maryland, U.S.A.); National Institute of General Medical 
Sciences 1990/1991 Catalog of Cell Lines (NIGMS) Human Genetic Mutant Cell 

10 Repository, Camden, NJ; and ASHI Repository, Brigham and Women's Hospital, 

75 Francis Street, Boston, MA 02115. Cell lines suitable as sources for various HLA-A 
alleles are described in the copending applications. Table 3 lists some B cell lines 
suitable for use as sources for HLA-B and HLA-C alleles, which arc particularly useful 
in the present invention. All of these cell lines can be grown in large batches and arc 

15 therefore useful for large scale production of MHC molecules. One of skill will 

recognize that these are merely exemplary cell lines and that many other cell sources can 
be employed. 
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TABLE 3 

HUMAN CELL LINES (HLA-B and HLA-C SOURCES) 



TIT A O 

ULA-D allele 


xi ceil line 


BI801 


DVCAF 


B3SQ3 


EHM 


B070I 


GM3107 


B140I 


LWAGS 


BSlOl 


KAS116 


BS301 


AMAI 


B0801 


MAT 


B27QS 


LG2 


BS401 


KT3 


B13Q2 


CBUF 


B4403 


prrouT 


B3502 


TBI 


B3501 


BUR 


B4001 


LB 



25 



HLA-C aUde B ceU line 

Cw0601 CIR 



In the typical case, immunoprecipitation is used to isolate the desired 
30 allele. A number of protocols can be used, depending upon the specificity of the 

antibodies used* For example, allele-specific mAb reagents can be used for the affinity 
purification of the HLA-A, HLA-B, and HLA-G molecules. Monoclonal antibodies 
available for isolating various HLA molecules include those listed in Table 4. Affinity 
columns prqwed with these mAbs using standard techniques are used to purify the 
35 respective HLA allele products. 
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TABLE 4 
ANTTOODY REAGENTS 



and-HLA 



Name 



10 



15 



20 



25 



30 



35 



40 



HLA-A2 

HLA-Al 

HLA-A3 

HLA-11,24.1 

HLA-A,B,C 

monomorphic 
HLA-B,C 

monotnoiphic 



BB7.2 

12/18 

GAPA3 

A11.1M 

W6/32 

B9.12.1 

B. 1.23.2 



(ATCC,HB122) 
(ATCC, HB164) 
(ATCC, HB95) 



The capacity to bind MHC Class I molecules is measured in a variety of 
different ways. One means is a Class I molecular binding assay as described in Example 
2, below. Other alternatives described in the literature include inhibition of antigen 
presentation (Sette, et al., J. ImmmoL 141:3893 (1991)), in vino assembly assays 
CTownscnd, et al.. Cell 62:285 (1990)), and FACS based assays using mutated cells, 
such as RMA.S (Melief, et al., Eur. J. Immunol. 21:2963 (1991)). 

Next, peptides that test positive in the MHC class I binding assay are 
assayed for the ability of the peptides to induce specific CTL responses in vitro. ¥<x 
instance, antigen-presenting cells that have been incubated with a peptide can be assayed 
for the ability to induce CTL responses in responder cell populations. 
Antigen-presenting cells can be normal cells such as perii*eral blood mononuclear cells 
or dendritic cells (Inaba, et al., 7. Eqt. Med. 166:182 (1987); Boog. Eur. J. Jmmmol. 
18:219 (1988)). Allcmarivcly, transgeriic mice comprising an appropriate HLA 
transgcnc can be used to assay the ^ility of a pq)tide to induce a response in cytotoxicT 
lymphocytes essentially as described in copending U.S. Patent Application No. 
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08^05,713. 

Alternatively, mutant mammalian cell lines that are deficient in their 
ability lo load class I molecules with internally processed peptides, such as the mouse 
ccU lines RMA-S (Karrc, et al.. Naxure, 319:675 (1986); Ljunggrcn, ct al., Eur. J. 

5 ImmimoL 21:2963-2970 (1991))» and the human T cell hybridoma, T-2 (Cerundolo, ct 

al,. Nature 345:449-452 (1990)) and which have been transfected with the appropriate 
human class I genes are conveniently used, when peptide is added to them, \o test for the 
capacity of the peptide to induce in vitro primary CEL responses. Other eukaryotic cdl 
lines which could be used include various insect cell lines such as mosquito larvae 

10 (ATCC ccU lines CCL 125, 126, 1660, 1591, 6585. 6586), silkworm (ATTC CRL 

8851), armyworm (ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila ceU lines 
such as a Schneider cell line (see Schneider /, Embryol Exp. MorphoL 27:353-365 
[1927]). 

Peripheral blood lymphocytes are conveniently isolated following simple 

15 venipuncture or leukaphercsis of normal donors or patients and used as the rcsponder cell 

sources of CTL prccunors. In one embodiment, the appropriate antigen-presenting cells 
are incubated with 10-100 pM of peptide in serum-free media for 4 hours under 
appropriate culture conditions. The pcpdde-loaded antigen-presendng cells are then 
incubated with the responder cell populations in vitro for 7 to 10 days under opdmizcd 

20 culture conditions. Positive CTL activation can be determined by assaying the cultures 

for the presence of CHLs that kill radiolabeled target cells, both specific peptide-pulsed 
targets as well as target cells expressing endogcnously processed form of the relevant 
virus or tumor antigen from which the peptide sequence was derived. 

Specificity and MHC restriction of the CTL is determined by testing 

25 against differwit peptide target cells expressing appropriate or inappropriate human MHC 

class L The peptides that test positive in the MHC binding assays and give rise to 
specific CTL responses arc referred to herein as immunogenic peptides. 

The immunogenic peptides can be prepared synthetically, or by 
recombinant DNA technology. Although Uie peptide will preferably be substantially free 

30 of other naturally occurring host cell proteins and fragments thereof, in some 

embodiments the peptides can be synthetically conjugated to native fragments or 
particles. 

TTic i)olypcptides or peptides can be a variety of lengtiis, eitiier in their 
SUBSTmJTESHEET(RULE25) 
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neutral (uncharged) forms or in forms which are salts, and either free of modifications 
such as glycosylation. side chain oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification not destroy the biological 
activity of the polypeptides as herein described. 
5 Desirably, the peptide wiU be as small as possible while still maintaining 

substantially all of the biological activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 9 or 10 amino add residues, 
commensurate in size with endogcnously processed viral peptides or tumor cdl peptides 
that are bound to MHC class I molecules on the cell surface. 
10 Peptides having the desired activity may be modified as necessary to 

provide certain desired attributes, e.g., improved pharmacological characteristics, while 
increasing or at least retaining substantially alt of the biological activity of the 
unmodified pepddc to bind the desired MHG molecule and activate the appropriate T 
cdl. For instance, the peptides may be subject to various changes, such as substitudons, 
15 either conservative or non-conservative, where such changes might provide for certain 

advantages in their use. such as improved MHC binding. By conservative substitutions 
is meant replacing an amino acid residue with another which is biologically and/or 
chemically similar, e.g., one hydrophobic residue for another, or one polar residue for 
another. The substitutions include combinations such as Gly. Ala; Val. He. Leu, Mel; 
20 Asp, Glu; Asn, Gin: Ser, n>r. Lys. Arg; and Phe. Tyr. The effect of single amino add 
substitutions may also be probed using D-amino acids. Such modifications may be made 
using wdl known peptide synthesis procedures, as described in c.g., Mcnifidd, Sciaice 
232:341-347 (1986). Barany and Merrifield, The Peptides, Gross and Mdenhofcr, cds. 
(N. Y. , Academic Press), pp. 1-284 (1979); and Stewart and Young. SoM Phase Peptide 
25 Synthesis^ (Rockford. 111.. Pierce). 2d Ed. (1984). incorporated by reference herdn. 

The peptides can also be modified by extending or decreasing the 
compound's amino add sequence, e.g., by the addition or ddction of amino adds. Tbc 
peptides or analogs of the invention can also be modified by altering the order or 
composition of certain residues, it bdng readily appredated that certain amino add 
30 residues essential for biological activity. e.g.. those at critical contact sites or conserved 
residues, may generally not be altered without an adverse effect on biological activity. 
Tbt non-critical amino adds need not be limited to those naturally occurring in protdns, 
such as L-a-amino adds, or thdr D-isomcrs, but may include non-protdn amino adds as 
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well, such as ff-y-i-dmao acids, as well as many derivatives of L-a-amino adds. 

Typically, a scries of peptides widi single amino add substitutions are 
employed to determine the effect of dectrostatic charge, hydrophobidty, etc. on binding. 
For instance, a series of positivdy charged (e.g., Lys or Arg) or negatively charged 
5 (e.g,^ Glu) amino add subsdtutions are made along the length of the pepude revealing 

different patlcms of sensitivity towards various MHC molecules and T cell receptors. Jn 
addition, multiple substitutions using smaU, relativdy neutral moieties such as Ala, Gly, 
Pro, or similar residues may be employed. The substitutions may be homo-oligomcrs or 
hctcnholigomcrs. The number and types of residues which are substituted or added 

10 dq)end on the spacing necessary between essential contact points and certain functional 

attributes which are sought (e.g., hydrophobidty versus hydrophilidty). Increased 
binding affmity for an MHC molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of die parent pepude. In any event, such 
substitutions should employ amino acid residues or otiier molecular fragments chosen to 

15 avoid, for example, stcric and charge interference which might disrupt binding. 

Amino add substitutions arc Qpically of single residues. Substitutions, 
ddetions, insertions or any combination thereof may be combined to arrive at a final 
peptide. Substimtional variants are those in which at least one residue of a pqjtide has 
been removed and a different residue inserted in its place. Such substimtions generally 

20 arc made in accordance with Table 1 when it is desired to fmdy modulate the 

characteristics of the peptide. 

Substantial changes in function (e.g., affinity for MHC molecules or T cell 
receptors) are made by sdecting substitutions tiiat are less conservative than those in 
Table 1, i.e., sdecting residues that differ more significandy in flidr effect on 

25 maintaining (a) the structure of the pq>tide backbone in the area of the substitution, for 
example as a sheet or helical conformation, (b) die charge or hydrophobidty of the 
molecule at the target site or (c) the bulk of the side chain. The substitotioiis which in 
general are expected to produce die greatest changes in peptide properties will be fliosc in 
which (a) hydnqAilic residue. c.g. scryl or dirconyl, is substituted for (or by) a 

30 hydrophobic residue, e.g. leucyl, isolcucyl, phenylalanyl, valyl or alanyl; (b) a cysteine 
or proline is substituted for (or by) any oUier residue; (c) a residue having an 
electropositive side chain, e.g., lysl, arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e g. glutamyl or aspartyl; or (d) a reridue having a bulky side 
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chain, eg. phenylalanine, is substituted for (or by) one not having a side chain, e.g., 
glycine. 

Hie peptides may also comprise isosteres of two or more residues in the 
immunogenic peptide. An isostere as defined here is a sequence of two or more residues 
5 that can be substituted for a second sequence because the stcric conformaddn of the first 
sequence fits a binding site specific for the second sequence. The term specifically 
includes peptide backbone modifications weUfaiown to those skilled in the art Such 
modifications indude modifications of the amide nitrogen/the a-<arbon, amide ca^ 
complete replacement of the amide bond, extensions, deletions or backbone cross^ 
10 See, generaUy, Spatola, Chemistry and Blochemisny of Amim Adds, Peptides and 
Proteins, Vol. VII (Weinslrin cd., 1983). 

Modifications of peptides with various amino acid mimetics or D-amino 
adds, for instance at the N- or C- termini, are particularly useful in increasing the 
stability of the peptide m WW. Stability can be assayed in a number of ways. For 
15 instance, peptidases and various biological media, sudi as human plasma and scrum, have 
been used to test stabiUty. See, e.g„ Verhoef el al.. Eur. /. Dmg Metab. Pharmacokin. 
11:291-302(1986). Half life of the peptides of the present invention is convcnientiy 
determined using a 25% human scrum (v/v) assay. The protocol is generally as foUows. 
Pooled human serum AB. non-heat inactivated) is ddipidatcd by ccntrifugarion 
20 before use. TTie serum is then dUuted to 25% with RPMI tissue culture media and used 
to test peptide stability. At predetermined time intervals a smaU amount of reaction 
solution is removed and added to dther 6% aqueous tridiloraceric add or cthanol. TTic 
doudy reaction sample is cooled (4'Q for 15 minutes and then spun to pdlct the 
predpitated serum protons. The presence of the peptides is then determined by 
25 rcversed-phase HPLC using stabiUty-spedfic chromatography conditions. 

The peptides of the present invention or analogs thereof which have CTL 
stimulating activity may be modified to provide desired attributes other than improved 
serum half life. For instance, the ability of the peptides to induce CTL activity can be 
enhanced by linkage to a sequence whidi contains at least one eptope that is capable of 
30^ indudng a Thdpercdl response. Particularly preferred immunogenic pcptidesn" hdpcr 
conjugates ate linked by a spacer molecule. The spacer is typicaUy comprised of 
tdativdy smaU, neutral molecules, sudi as amino adds or amino add mimetics, whidi 
arc substantially undiargcd under physiological conditions and may have linear or 
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branched side chains. The spacers are typicaUy selected from, e.g., Ala, Gly, or other 
neutral spacers of nonpolar amino acids or neutral polar amino acids. It will be 
understood that the optionally present spacer need not be comprised of die same residues 
and thus may be a hetero- or homo^ligomer. When present, the spacer will usually be 

5 at least one or two residues, more usually three to six residues. Altcmaiively, the CTL 

pq)tide may be linked to the T helper peptide without a spacer. 

The immunogenic pepdde may be linked to the T helper peptide either 
directly or via a spacer either at the amino or carboxy terminus of the CTL pepdde. The 
amino terminus of eidicr the immunogenic pepdde or the T helper peptide may acylated. 

10 Exemplary T helper peptides include tetanus toxoid 830-843, influenza 307-319, malaria 
drcumsporozoitc 382-398 and 378-389. 

In some embodiments it may be desirable to include in the pharmaceutical 
compositions of the invention at least one component which primes CTL. Lipids have 
been identified as agents capable of priming CTL in vivo against viral antigens. For 

15 example, palmitic acid residues can be attached to the alpha and cpsilon amino groups of 
a Lys residue and then linked, e.g., via one or more linking residues such as Gly, 
Gly-Gly-, Ser, Ser-Ser, or the like, to an immunogenic peptide. The lipidatcd pepdde 
can Uien be injected direcdy in a micellar form, incorporated into a liposome or 
emulsified in an adjuvant, e,g.. incomplete Freund's adjuvant. In a preferred 

20 embodiment a particularly effective inmiunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via linkage, e.g., Scr-Ser, to the 
amino terminus of the immunogenic pepdde. 

As another example of lipid priming of CTL responses, £ coli 
lipoproteins, such as tripalmitoyl-S-glycerylcysteinlyseryl-serinc (PjCSS) I can be used to 

25 prime virus specific CTL when covalendy attached to an appropriate peptide. Sec, Dcics 
ct al., ffamre 342:561*564 (1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P,eSS, for example, and the lipopeptide administered to an 
individual to specifically prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with PjCSS conjugated to a 

30 peptide which displays an appropriate epitope, die two compositions can be combined to 
more effectively clidt boUi humoral and cell-mediated responses to infection. 

In addition, additional ammo adds can be added to the termini of a peptide 
to provide for ease of linking peptides one to anodier, for coupling to a carrier support, 
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or larger pq)tide, for modifying the physical or chemical properties of the peptide or 
oligopeptide, or the like. Amino adds such as tyrosine, cysteine, lysine, glutamic or 
aspaitic add, or the like, can be introduced at the C- or N-terminus of the peptide or 
oligopeptide. Modification at the C terminus in some cases may alter binding 
5 characteristics of the peptide. In addition, the peptide or oligopeptide sequences can. 

differ from the natural sequence by being modified by terminal-NH, acylation, c.g., by 
alkanoyl (Ci-C^ or thioglycolyl acetylalion, terminal-carboxyl amidation, c.g., ammonia, 
methylamine, etc. In some instances these modifications may provide sites for linking to 
a support or other molecule. 

10 The peptides of the invention can be prepared in a wide variety of ways. 

Because of their relatively short size, the peptides can be synthesized in solution or on a 
solid support in accordance with conventional techniques. Various automatic synthesizers 
arc commercially available and can be used in accordance with known protocols. Sec, 
for example, Stewart and Young, Solid Phase Peptide Synthesis, 2d. cd,. Pierce Chemical 

15 Co. (1984), supra. 

Allcmativdy, recombinant DNA technology may be employed wherein a 
nudeotide sequence which encodes an immunogenic peptide of interest is inserted into an 
expression vector, transformed or transfected into an appropriate host cell and cultivated 
under conditions suitable for expression. These procedures are generally known in the 

20 art, as described generally in Sambrook et al.. Molecular Cloning, A Laboratory Manual^ 

Cold Spring Harbor Press, Cold Spring Harbor, New York (1982), which is injcorporated 
herein by reference. Thus, fusion proteins which comprise one or more peptide 
sequences of the invention can be used to present the appropriate T cell epitope. 

As the coding sequence for peptides of the length contemplated herein can 

25 be synthesized by chemical techniques, for example, the phosphotriestcr method of 

Matteucd ct al., J. Anu Oienu Soc 103:3185 (1981), modification can be made simply 
by substituting the appropriate baseCs) for those encoding the native peptide sequence. 
The coding sequence can then be provided with appropriate linkers and ligated into 
e}qpression vectors commonly available in the art, and the vectors used to transform 

30 suitable hosts to produce the desired fimon protein. A number of such vectors and 

suitable hosi systems are now available. For expression of the fusion proteins, the coding 
sequence will be provided with operably Ifatked start and stop codons, promoter and 
terminator regions and usually a replication system to provide an expression vector for 
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expression in the desired cellular host. For example, promoter sequences compatible 
with bacterial hosts are provided in plasmids containing convenient restriction sites for 
insertion of the desired coding sequence. The resulting expression vectors arc 
traxtsformed into suitable bacterial hosts. Of course, yeast or manmuilian cell hosts may 
5 also be used, employing suitable vectors and control sequences. 

Tht peptides of the present invention and pharmaceutical and vaccine 
compositions thereof are useful for administration to mammals, particularly humans, to 
treat and/or prevent viral infection and cancer. Examples of diseases which can be 
treated using the immunogenic peptides of the invention include prostate cancer, hepatitis 

10 B, hepatitis C, AIDS, renal carcinoma, cervical carcinoma, lymphoma, CMV and 
condlyloma acuminamm. 

For pharmaceudcal compositions, the immunogenic peptides of the 
invention are administered to an individual already suffering from cancer or infected with 
the virus of interest. Those in the incubation phase or the acute phase of infection can be 

13 treated with the immunogenic peptides separately or in conjunction with other treatments, 
as approptiate. In therapeutic applications, compositions are administered to a patient in 
an amount sufSdent to elicit an effective CTL response to the virus or tumor antigen and 
to cure or at least partially arrest symptoms and/or complications. An amount artrqnatc 
to accomplish this is defined as "therapeutically effective dose." Amounts effective for 

20 this use will depend on, e.g., the peptide composition, the manner of administration, the 

stage and severity of the disease being treated, the weight and general state of health of 
the patient, and the judgment of the prescribing physician, but generally range for the 
uutial immuniiatioa (that is for therapeutic or prophylactic administration) from about 1.0 
/ig to about 5000 ng of peptide for a 70 kg patient, followed by boosting dosages of from 

25 about 1.0 fig to about 1000 ng of peptide pursuant to a boosting regimen over weeks to 
months depending upon the {mtient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that the peptides and compositions 
of the present invention may generally be employed in serious disease states, thai is, life- 
threatening or potentMy life threatening situations*. In such cases, in view of the 

30 minimization of extraneous substances and the relative nontoxic nature of the peptides, it 
is possible and may be felt de^rable by the treating phydcian to administer substantial 
excesses of these peptide compontions. 

For therapeutic use, administration should begin at the fint sign of viral 
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infection or the detection or surgical removal of tumors or shortly after diagnosis in the 
case of acute infection. This is followed by boosting doses until at least symptoms arc 
substantiaUy abated and for a period thereafter. In chronic infection, loading doses 
followed by boosting doses may be required. 

; 5 Treatment of an infected intiividuai with the compositions of the invention 

may hasten resolution of the infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic infection the compositions 
arc particularly usefiil iii methods for preventing the evolution from acute to chronic 
infection. Where the susceptible individuals are identified prior to or during infection, 

10 for instance, as described hcitin, the composition can be targeted to them, minimizing 
need for administration to a larger population. 

The peptide compositions can also be used for the treatment of chronic 
infection and to stimulate the immune system to eliminate virus-infected cells in carriers. 
It is important to provide an amount of immuno-potentiating peptide in a formulation and 

15 mode of administration sufficient to effectively stimulate a cytotoxic T cell response. 

Thus, for treatment of chronic infection, a representative dose is in the range of about 1.0 
(tg to about 5000 iig. preferably about 5 Mg to 1000 /tg for a 70 kg patient per dose. 
Immunizing doses foUowed by boosting doses at established intervals, e.g., from one to 
four weeks, may be required, possibly for a prolonged period of time to effectively 

20 immunize an individual. In the case of chronic infection, administration should continue 
until at least clinical symptoms or laboratory tests indicate that the vital infection has 
been eliminated or substantially abated and for a period thereafter. 

The pharmaceutical compositions for Uierapeutic treatment are intended for 
parcnteial, topical, oral or local administration. Preferably, tiic pharmaceutical 

25 compoatibns are administered parentcniUy,c.g., intravenously, subcutan^ 

intiadermaUy, or intramuscularly. Thus, tiie invention provides compositions for 
parenteral administration which comprise a solution of Uic immunogenic peptides 
dissolved or suspended in an acceptable catrier, preferably an aqueous carrier. A variety 
of aqueous carriers may be used, e.g., water, buffered water, 0.4% saline, 0.3% glycine, 

30 hyaluionic acid and the like. These composidons may be sterilized by conventional, weU 
known sterilization techniques, or may be sterile filtered. Tlte resulting aqueous solutions 
may be packaged for use as is, or lyophilized, the lyophiUzed preparation being combined 
witii a sterile sohition prior to administration. The compositions may contain 
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phannaccuticaUy acceptable auxiliary substances as required to approximate physiologica: 
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium lactate, sodium chloride, 
potassium chloride, calcium chloride, sorbitaa monolauiatc. triethanolamine olcate, etc 
5 In some embodiments it may be desirable to include in the pharmaceutical 

composition at least one component which enhances priming of CTL. Upids have been 
identified as agents capable of enhancing priming of CTL m vivo against viral antigens. 
For example, palmitic add residues can be attached to the alpha and cpsilon amino 
groups of a Lys residue and then linked, e.g.. typically via one or more Unking residues 
10 such as Gly, Gly-Gly, Ser, Scr-Ser. or the like, to a synthetic peptide which comprises i 
class I-rcstricted CTL epitope. The Kpidated peptide can be administered in saline or 
incorporated into a Uposome emulsified in an adjuvant, e.g. , incomplete Freund's 
adjuvant. In a preferred embodiment a particularly effective immunogen comprises 
palmitic acid attached to alpha and epsilon amino groups of Lys, which is attached via 
15 linkage. e.g.. Ser-Ser, to the amino terminus of a class I restricted peptide having T cell 
determinants, such as those peptides described herein as weU as otiicr peptides which 
have been identified as having such determinants. 

AS another example of lipid priming of CTL responses, E coli lipoprotein 
such as tripalmitoyl-S-glyccrylcysteinly-seryl-serine (P,CSS), can be used to prime virus 
20 specific CTL when covalenUy attached to an appropriate peptide. Sec, Dercs et al.. 

Nature 342:561-564 (1989), incorporated herein by reference. Peptides of the invention 
can be coupled to P,CSS, for example, and the lipopeptide adminisiered to an individual 
to specifically prime a CTL. Further, as the induction of neutralizing antibodies can also 
be primed wiUi P,CSS conjugated to a peptide which displays an appropriate epitope, the 
25 two compositions can be combined to more effectively eHcil both humoral and cctt- 
mediated responses to viral infection. 

nie concentration of CTL stimulatory peptides of die invention in the 
pharmaceutical formulations can vary widely, i.c.. from less dian about 0.15S, usuaUy at 
or at least about 2% to as much as 20% to 50% or more by weight, and wiU be sdecied 
30 primarily by fluid volumes, viscosities, etc., in accordance witii tht particular mode of 

administration selected. 

The peptides of the invention may also be administered via liposomes, 
which serve to target ti»e peptides to a particular tissue, such as lymphoid tissue, or 
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targeted selectiyely to infected ceUs, as well as increase the half-Ufe of the peptide 
composition. Uposomes include emulsions, foams, micelles, insoluble monolaycn, 
liquid crystals, phospholipid dispersions, lamellar layers and the like. Li these 
pnqsuations the peptide to be delivered is incorporated as part of a Kposome, alone or in 

5 conjunction with a molecule which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 antigen, or widi other 
therapeutic or immunogenic compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid cells, where the Uposomes then 
deliver the. selected therapeutic/immunogenic peptide compositions. Liposomes for use in 

10 the invention are formed from standard veside-forming Upids, which generaUy include 
neutral and negatively charged phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, e.g., liposome size, add 
lability and stabiUty of the Uposomes in the blood stream. A variety of methods arc 
available for preparing Uposomes, as described in, e.g., Szoka et al.. Am. Rev. Bhphys. 

15 Bioeng. 9:467 (1980), U.S. Patent Nos. 4.235,871, 4.501,728, 4,837,028, and 

5,019,369, incorporated herein by reference. 

For targeting to the immune cells, a Ugand to be incorporated into the 
Uposome can include, e.g.. antibodies or fragments thereof specific for ceU surfece 
determinants of the desired immune system ceUs. A Uposome suspension containing a 

20 peptide may be administered intravenously, locally. topicaUy, etc. in a dose which varies 
according to, inter alia, the manner of administration, the peptide being deUvcred, and 
the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid c^iiers may be used 
which include, for example, pharmaceutical grades of mannitol, lactose, starch, 

25 magnesium stearate, sodium saccharin, talcum, ccUulose. glucose, sucrose, magnesium 
carbonate, and the Uke. For oral administration, a pharmaceutically acceptable nontoxic 
composition is formed by incorporating any of the normaUy employed exdpients, such as 
those carriers previously listed, and generally 10-95 % of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a concentration of 25 %-75%. 

30 For aerosol adnunistration, die immunogenic pq>tide$ are preferably 

suppUcd in finely divided form along wiUi a surfectant and propellant. Typical 
percentages of peptides are 0.01%-20% by weight, preferably 1%-10%. ITjc surfectant 
must, of course, be nontoxic, and preferably soluble in the propeUaiic Representative of 
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such agents are the esters or partial esters o? fatty adds containing from 6 to 22 carbon 
atoms, such as caproic^ octanoic, lauric, palmitic, stearic, linoleic, linolenic, olcstcric and 
oleic adds with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, 
such as mixed or natural glycerides may be employed. The surfactant may constitute 

5 0. 1 %-20% by weight of the composition, preferably 0.25-5 % . The balance of the 

composition is ordinarily propcllanL A carrier can also be included, as desired, as with, 
c.g., ledthin for intranasal delivery. 

In another aspect the present invention is directed to vaccines, which 
contain as an active ingredient an immunogenically effective amount of an immunogenic 

10 peptide as described herein. The pepdde(s) may be introduced into a host, including 
humans, linked to its own carrier or as a homopolymcr or heteropolymer of active 
peptide units. Such a polymer has the advantage of increased immunologicai rcacdon 
and, where different peptides are used to make up the polymer, the additional ability to 
induce antibodies and/or CTLs that react with different andgcnic determinants of the 

15 virus or tumor cells. Useful carriers are wdl known in the art, and indude, e.g., 

thyroglobulin, albumins such as human serum albumin, tetanus toxoid, polyamino adds 
such as polyOysincrglutamic add), influenza, hepadtis B virus core protein, hepadds B 
virus recombinant vacdnc and the like. The vaccines can also contain a physiologically 
tolerable (acceptable) diluent such as water, phosphate buffered saline, or saline, and 

20 further typically include an adjuvant. Adjuvants such as incomplete Freund's adjuvant, 
aluminum phosphate, aluminum hydroxide, or alum are materials well known in the art 
And, as mentioned above, CTL responses can be primed by conjugating peptides of the 
invention to lipids, such as PjCSS. Upon immunization with a peptide composition as 
described herein, via injection, aerosol, oral, transdermal or other route, the immune 

25 system of the host responds to the vacdnc by produdng large amounts of CTLs specific 

for the desired antigen, and the host becomes at least partially immune to later infection, 
or resistant to devdoping chronic infection. 

Vacdnc compositions containing die peptides of the invention arc 
administered to a patient susceptible to or otherwise at risk of viral infection or cancer to 

30 didt an immune response against the antigen and thus enhance the patient^s own immune 
response capabilities. Such an amount is defined to be an "immunogenically effective 
dose** In Ous use, the precise amounts again depoid on the patient's slate of health and 
wdght, die mode of administration, die nature of the formulation, etc, but generally 
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range from about 1.0 /ig lo about 5000 ftg per 70 kilogram parient, more eommonly from 
about 10 fig to about 500 fig mg per 70 kg of body weight 

In some instances it may be desirable to combine the peptide vacdncs of 
the invention with vaccines which induce neutralizing antibody responses to the virus of 

5 interest, particulariy to viral envelope antigens. 

For therapeutic or immunization purposes, the peptides of the invention can 
also be expressed by attenuated viral hosts, such as vaccinia or fowlpox. This approach 
involves ihe use of vaccinia virus as a vector to express nucleotide sequences thai encode 
the peptides of the invention. Upon introduction into an acutely or chronically infected 

10 host or into a non-infected host, the recombinant vaccinia virus expresses the 

immunogenic peptide, and thereby elicits a host CTL response. Vaccinia vectors and 
methods useful in immunization protocols arc described in, e.g., U.S. Patent No. 
4,722,848, incorporated herein by reference. Another vector is BCG (Badlle Calmctte 
Guerin). BCG veaors are described in Stover ct al. (Namre 351:456^60 (1991)) which 

15 is incorporated herein by reference. A wide variety of other vectors useful for 
therapeutic administration or immunization of the peptides of the invention, e.g., 
Salmonella typhi vectors and the like, will be apparent to those skilled in the art from the 

description herein. 

Antigenic peptides may be used to elicit CTL ex vivo, as well. The 

20 resulting CTL, can be used to treat chronic infections (viral or bacterial) or tumors in 

patients that do not respond to other conventional forms of therapy, or will not respond to 
a peptide vacdne approach of ther^y. Ex vivo CTL responses to a particular pathogen 
infectious agent or tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (GTLp) together with a source of antigen-presenting cells 

25 (APQ and the appropriate immunogenic peptide. After an appropriate incubation time 
(typically 1-4 weeks), in which the Clip arc activated and mature and expand into 
effector CTL, the ceUs arc infused back into the patient, where they will destroy their 
spcdfic target cell (an infected cell or a tumor cell). 

The pqrtides may also find use as diagnostic reagents. For example, a 

30 peptide of the invention may be used to determine the susceptibility of a particular 

individual to a treatment regimen which employs the peptide or related peptides, and thus 
may be hdpiul in modifying an existing trwtment protocol or in determining a prognosis 
for an affected individuaL In addition, tiie pq>tides may also be used to predict which 
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individuals will be at substantial risk for developing chronic infection. 

The following example is offered by way of illustration, not by way of 

limitation. 

5 E^mplc 1 

Identification of immunogenic peptides 
Using the B7-like-supermotifs identified in the parent applictions described 
above, sequences from potential antigenic sources including Hepatitis B Virus (HBV), 
Hepatitis C Virus (HCV), Human Papilloma Virus (HPV). Human Immunodeficiency 
10 Virus (HIV), MAdE2/3, and Plasmodium were analyzed for the presence of these motifs. 

Sequences for the target antigens were obtained from the current GenBank 
data base. The identification of motifs was done using the "HNDPATTERNS" program 
(Dcvereux et al., NucUic Acids Research 12:387-395 (1984)). A computer search was 
carried out for antigen proteins comprising the B7-like-supcrmotif. 
15 Table 5 lists peptides identified in this search. Accordingly, a preferred 

embodiment of the invention comprises a composition comprising a peptide of Table 5. 

Other viral and tumor-related proteins can also be analyzed for the 
presence of these motifs. The amino add sequence or the nucleotide sequence encoding 
products is obtained from the GenBank database in the cases of Prostate Specific antigen 

20 (PSA). p53 oncogene, Epstein Barr Nuclear Antigen-1 (EBNA-1), and c-eib2 oncogene 

(also called KER-2/neu). 

In the cases of Hepatitis B Virus (HBV), Hepatitis C Virus (HCV), and 

Human Immunodeficiency Virus (HIV) several strains/isolates exist and many sequences 

have been placed in GenBank. 
25 For HBV, binding motifs are identified for die adr, adw and ayw types. In 

order to avoid replication of identical sequences, all of die adr motifs and only those 

motifs from adw and ayw th^ arc not present in adr are added to the list of pqjtides. 

In the case of HCV, a consensus sequence from residue 1 to residue 782 is 

derived fiom 9 viral isolates. Motifs are identified on those regions that have no or very 
30 Utile (one residue) variation between the 9 isolates. The sequences of residues 783 to 

3010 ftom 5 viral isolates were also analyzed. Motifs common to all the isolates are 

identified and added to the pq>tide list 

Finally, a consensus sequence for HIV type 1 for North Ainerican viral 
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isolates (10-12 viruses) was obtained from the Los Alamos National Laboratory database 
(May 1991 release) and analyzed in order to identify motifs that are constant throughout 
most viral isolates. Motifs that bear a smaU degree of variation (one residue, in 2 forms) 
were also added to the peptide list 

5 

The above examples are provided to illustrate Ae invention but not to limit 
its scope. Other varianu of the invention wiU be readily apparent to one of ordinary skill 
in the art and are encompassed by the appended claims. 'All pubUcations, patents, and 
patent appUcations cited herein are berd)y incorporated by reference. 
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Tcible 5 



f~ 

PEPTIDE AA 


AA 


SEQUENCE 


SOURCE 


3*0701 


1021 


9 


FPFKYAAAF 


B35 consensus peptid 


0 


1054 


9 


YPKVKQWPL 


Yl analog of 1054.05 


0 


1075 


11 


CILESCFRAVI 


MAGE-1 


0 


1080 


9 


YPAEITLYW 


B53 self peptide . 


0 


1086 


9 


FAMPNFQTL 


Cw3 consensus 


0 


1086 


9 


FAMPNFYTL 


Cw3 consensus 


0 


1086 


9 


QPDDAVYKL 


Cw4 consensus 


0 


1086 


9 


IPYPIVRKL 


Cv6 consensus 


1 


1086 


9 


IPYPIVRSL 


Cw6 consensus 


1 


1086 


9 


IPFPIVRYL 


Cw6 consensus 


0 


1086 


9 


RYRPGTVAL 


Histone H3.3 


0 




9 


MPRGWVtL 


B7 Nat, Processed 


3 




10 


LPENNVLSPL 


p53. 26-35 


0 




10 


APAPAPSWPL 


p53, 84-93 


1 




11 


SPALNKMFCQI* 


p53. 127-137 , 


0 




9 


GTRVRAMAI 


p53. 154-162 


0 




9 


RPIIiTIITL 


p53. 249-257 


0 




10 


LPPGSTKRAL 


p53- 299-308 


0 




9 


SPQPKKKPL 


p53. 315-323 


0 




10 


KPLDGEYFTL 


p53. 321-330 


0 




9 


GSRAHSSHIi 


p53. 361-369 


0 
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WHATTSCLATMED IS: 

1. A composition comprising an immunogenic pq)tidc having a 
supennodf which allows the immunogenic peptide to bind more than one HLA molecule, 
the immunogenic peptide having between about 9 and about 10 residues; 
5 a first conserved residue at the second position from the N-terminus being 

P; and 

a second conserved residue at the C-tenninal position being selected from 
the group consisting of M, I, and an aromatic residue. 

10 2. The composition of claim 1, whcrdn the immunogneic pcptode is 

selected from the group consisting of SEQ. ID. Nos. 1-21. 

3. A method for inducing a CTL response in a patient, the method 
compriang adminisieiing to the patient a therapeutically effective dose of the 
15 immunogenic peptide of claim 1. 
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